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1. Status of Tank Design
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o Design Progress
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o SHPO MOA
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o Schedule and key activities

3. Risk Identification / Mitigation
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Status of Tank Design

• Land acquisition

o City of New York took title to Parcels I, VI and VII on November 1, 2018

o DEP notified EPA that it was stopping the design of RH4

o Fee payments vouchered

o DEP working with occupants to vacate site

• Design progress

o CP1 submitted to EPA on June 30, 2017 (per schedule) and is ready for 
advertisement 

o CP1A (demo and clearing of Parcel I) is in progress

o CP2 90% is currently under review by DEP and is on schedule to be 
delivered to EPA by April 30, 2019

o CP3 90% will be submitted to DEP for review on May 24th and is on 
schedule to be delivered to EPA by September 30, 2019
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National Grid Barrier Wall
o DEP, EPA and GZA have been meeting to coordinate the designs since early 2017

 Both Orders require GZA and DEP to coordinate designs

o GZA’s design and tolerance evaluation does not consider the temporary condition of the 
construction of the tank SOE

o GZA has indicated EPA directed them not to consider the temporary condition
“The design presented in our May 2018 95% Design Report was prepared in consideration of the final conditions 
surrounding the wall, including the NYCDEP CSO tank and its support of excavation system.”

o DEP, Grid met on January 14, 2019 to coordinate on access and outstanding design 
issues

 Conflicts still exist with lightweight fill option to raise grade and location of some wall anchors

 DEP noted it was unclear as to whether or not the dredging was factored into the wall design or if 
this was factored into the allowable deflections noted in the Aug 13, 2019 letter. 

o DEP completed finite element analysis February 2019

 3-D finite element analysis with a soil-structure interaction to better quantify expected wall 
deflections associated with tank construction and dredging
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National Grid Barrier Wall

• Maximum effect of the CSO tank construction is predicted to occur when the 
slurry wall T-panels are constructed and the temporary bracing is installed 
and pre-loaded

• Potential for the piles supporting the deadman structure to be overloaded.

• Maximum lateral movement of the bulkhead towards the canal on the order of 
4.1 inches, including the displacement associated with dredging only, which is 
on the order of 1.8 inches

• Current wall design appears 
to be overstressed even 
during dredge condition

• Estimated movements 
exceed allowances 
established by NG/GZA

• NG/GZA should complete a 
similar, independent 
analysis and then meet to 
discuss findings/ potential 
impacts.
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SHPO MOA

• CP1 is 100% complete and does 
not include salvage of brick

• DEP proceeding with current 
baguette design for CP2/CP3 
submittal to EPA in April/Sept 
2019 unless otherwise directed

• CP3 design will be affected by 
changes to the building façade
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Stormwater Sampling Pilot Program

• DEP preparing to proceed with Gowanus Stormwater Monitoring Pilot 
Program in Spring 2019

 Vortex unit at Union Street installation underway

 DEP working with Lightstone on access to their units

 DEP ordering other treatment technologies (skimmers, basket insert)

 Finalize plan and transmit to EPA for review

• Sponge Park sampling program will be conducted concurrent with the HLSS 
sampling program
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Tank Program Status

• DEP is required to provide a total of 12 million gallons 
(MG) of CSO storage by constructing two CSO facilities:

o 8 MG tank for Outfall RH-034 at the RH-3 (Head-
End) Site or the RH-4 (Park) Site (parallel designs); 
and

o 4 MG tank for Outfall OH-007 at the OH-4 Site.

Stagin
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Milestone Description Status – Date
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16
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t EIS for CSO Tanks Completed – February 2018
RH-3 ULURP Completed – April 2018
RH-3 CP-1 Design (Site prep / Demo) Completed – June 2017
RH-3 CP-2 Design (Excavation / Substructures) Underway – April 2019
RH-3 CP-3 Design (Superstructure / Mech Fitout) Underway – September 2019
RH-3 Property Acquisition Complete – October 2018

Budget Forecast
Spent to date December 2018 $37M
Projected through September 2019 $49M
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Tunnel Alternative in Gowanus
Current Plan: Deliver 2 CSO Retention Tanks for Gowanus Canal

Proposed Plan: Pivot to Tunnel Storage Concept to provide 
additional benefits and serve a wider area around the Gowanus Canal

• Environmental Benefits 

 Equivalent solids reduction - Tunnel provides 16+ MG of 
storage which will achieve an equivalent reduction in solids 
as the flow-through tanks.

 Reduces annual CSO events: RH034 6 to 4; OH007 4 to 0.

 Less construction disruption in neighborhood. 

 Reduced presence during construction and operation. 

 Potentially more public green space along the canal. 

 No additional property acquisition required.

 Tunnel is scalable; future extensions can 

• capture even more CSO

• reduce street flooding

• improve neighborhood resiliency

• accommodate future development & population 
growth

• Cost - Tunnel similar to tanks: $1.2B

• Schedule- Similar implementation timeframe
Tunnel 
Length

Tunnel 
Diameter

Storage
Volume 

Estimated 
Cost

Completion 
Goal

~ 2600 ft ~ 30 ft ~ 16 MG ~ $1.2 B ~ 2030
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Gowanus Tunnel
Tunnel 
Length

Tunnel 
Diameter

Storage
Volume 

Estimated 
Cost

Completion 
Goal

~ 2600 ft ~ 28 ft ~16 MG ~ $1.2 B ~2030

RH-034 Site
• Property already acquired
• Demo & site prep would be complete before start of construction
• Requires coordination w/ National Grid cutoff wall
• 65' ID dewatering PS shaft
• 60' ID drop shaft  
• Diversion structure from RH-034 regulator to drop shaft
• TBM breakthrough chamber
• Superstructure for PS, screening, grit management & odor control

OH-007 Site
• Requires acquisition of DSNY 

property
• Requires demo of structures 

and disconnection of utilities 
• 65' ID drop shaft 
• Diversion structure in 2nd Ave
• Force main for 2nd Avenue PS
• Superstructure for ventilation 

and odor control

National Grid 
cutoff wall

Proposed Tunnel Alignment 
(minimizes easements & property 
acquisition)
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Soil Profile and Proposed Gowanus Tunnel 
Depth

The proposed depth is driven by elevation of rock and necessary clearance below the National Grid barrier wall.
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CSO Performance
Summary of Typical Year (2008) Performance

Baseline Tanks Only Proposed Storage Tunnel

Total Storage Volume (MG) 12 16

CSO Performance

a. % CSO Captured at RH-034 and OH-007

RH-034 75.4% 82.5%

OH-007 84.6% 100.0%

b. Annual Average Overflows (MG)

RH-034 123.3 30.9 21.9

OH-007 63.2 9.7 0

RH-031 16.9 16.9 16.9

RH-030 16.4 16.4 16.4

RH-035 5.4 5.4 5.4

Other Overflows 19.3 19.3 19.3

c. Number of Activations

RH-034 6 4

OH-007 4 0

Entire Canal Percent CSO Volume Reduction 49% 56%
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CSO Storage - Cost and Schedule Comparison
Cost Comparison

Tanks 
($M)

Tunnel* 
($M)

Facility Planning & Design 120 100
Construction Management 83 100

Acquisition 190 190
Construction 800 860

Total 1,193 1,250

Schedule Comparison (Completion 
Dates)

Tanks
(current*)

Tunnel 
(proposed)

Facility Planning & Design 2019 2024
Construction Phase 1 2020 2020

Construction
Phases 2 & 3 2029 2030

Future Phases NA TBD
* Current tank schedule subject to delay pending resolution 
building preservation issue

• Proposed Tunnel Program is phased to meet 
ROD requirements in 2030

• City can choose to fund additional storage 
through future phases designed to: 

• Provide sea level rise resiliency and 
flooding/surcharge reduction benefits in 
areas of Carroll Gardens and Park Slope

• Address Bond-Lorraine sewer surcharge 
issues

* First phase of a tunnel – ROD equivalent
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Less Disruption to Neighborhood
• Tunnel staging requires a smaller footprint than tank construction staging. 

• Tunnel excavation production rates is based on geology.  Rate of material removal (and 
hauling/disposal) is a function of advancement rate of TBM over 2 shifts/day.  

• Tunnel production work is within below-ground tunnel except for spoil removal / liner 
delivery.

• Significant activities to construct shafts (slurry wall) and superstructures.

• Additional provisions can be made to limit construction impacts on the surface. (shed below)

Generalized Construction Staging ConfigurationSecond Ave. Subway – Muck Transfer Shed
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• Most sewers in area are not designed to 
current design criteria.

• Many areas with the highest likelihood of 
redevelopment located in areas of known 
flooding.

• Additional capacity would minimize flooding 
impacts for areas of new development.

• Area ripe for redevelopment currently, As-of-
Right 

• 1,941 residential units have been added 
in last 5 years in Brooklyn Community 
District 6.

• Demand for further redevelopment –
pending DCP rezoning plan

• Rezoning could allow for addition of about 12 
to 13.5 million square feet of development 
potential – increasing tax base

Project Neighborhood Growth/Rezoning

365 Bond Street Lightstone Development



Proposed Tunnel Schedule

Agenda
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Project Schedule
• DEP developed a preliminary, detailed schedule for tunnel program

o Planning / design

o Tunnel construction

o Superstructure “headhouse” and mechanical / electrical components

o Commissioning and Startup

• Evaluation of program schedule, including deeper assessment of risks and 
impacts to be undertaken as part of ongoing study and future planning and 
design contract

• Schedule indicates that the duration for the tunnel program is similar to that of the 
tanks

• Development of the schedule was based on detailed evaluation of project, 
experience with other tunnel programs, and knowledge of Gowanus site 
conditions and constraints
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Tank Activities Applicable to the Tunnel
Tank activities applicable to the tunnel

Tunnel program will take advantage of long lead items and 
facility planning / design work already completed under Tank 
Program: 

• EIS completed – only a Supplement EIS will be required to 
pivot to tunnel

• ULURP completed for RH Head End Property (initiated for 
OH Property)

• Head End Site Acquisition completed

• Architectural Visioning & Open space design 

• Community Engagement and Coordination with other 
City Agencies

• Facility Planning / Design directly applicable to Tunnel:

• Odor control strategy and design

• Grit management strategy and design

• Pumping Station  / Headhouse layout and configuration

• CP1 Site Preparation Construction Package for Head End 
property ready for bid

• Flow diversion / influent structures strategy and design

• Support of excavation (SOE) for shafts will also be slurry-
wall to bedrock

Tunnel program is already underway

Tunnel program will take advantage of tunnel evaluations already 
completed under Tank Program: 

• Detailed conceptual planning of tunnel concept, including 
alignment, diameter, and performance

• Flow diversion concepts from collection system to tunnel shaft

• Tank program schedule

• Preliminary identification of project risks

Leveraging work from the tunnel program enables:

1. National Grid remediation to proceed, uninterrupted,

2. Provides clear site for tunnel alternative construction,

3. No schedule slippage associated with pivot in concept



Agenda

Item 1
Planning 
& Design
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DEP Capital Project Design Delivery Process
• DEP follows a structured facility planning and design process 

effective in delivering major capital projects requiring 
coordination with multiple stakeholders

• Project controls to ensure project delivery in compliance with 
negotiated agreements, performance requirements, and 
schedule milestones:

o Project specific schedule: deadlines to develop, review and 
approve all deliverables (design packages and technical 
memoranda)

o Project timing for internal and external agency design and 
construction permit approvals and funding needs in the City 
budget

• Community engagement through regular Community Board 
meetings, Public Design Commission reviews/hearings, 
ULURP

• Value Engineering reviews completed at Facility Planning and 
BODR 

• DEP Design Quality review implementation requires

o Scope freeze at Basis of Design

o 30%, 60%, 90% Deliverable review comments to be 
incorporated into the next design submittal

• Proven process avoids issues during construction and hand-
over to operating bureau.

• Designed to enable cost-effective and competitive bidding



Agenda
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Borings
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Boring Program

• Required for geotechnical and environmental characterization

• DEP proposes to do the full characterization early in the design process

• Propose collecting:

o 3 additional (deep) borings at RH

o 2 additional (deep) borings at OH

o 9 borings along the proposed alignment of the main tunnel (~300 ft spacing)

o 5 contingency borings in the event additional characterization is required 
after 9 borings along the tunnel alignment are completed

• Expect to collect geotechnical and environmental samples from the same 
boring location

• Currently evaluating potential subsurface (utility) and overhead conflicts for 
proposed boring locations
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Boring Program
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Boring Program
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Construction



28

General Staging Layout for RH Site

28
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Sufficient Construction Staging is Important
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Shaft Construction – Completed Shaft Excav.
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Tunnel Mining

• Tunnel mining is a relatively short activity compared to other elements of the 
tunnel program

• Total tunneling length is 2,600 LF

• Tunneling has risks, but can be identified and mitigated to keep the project on 
schedule

• Two concerns evaluated during this phase of the work, include:

o Soft ground tunneling and ground settlement

o Mining through MGP impacted soils 



Agenda

Item 4
Mining
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CSO Tunnels

• Boston, MA (MWRA)

• Cleveland, OH (NEORSD)

• Washington DC (DC Water)

• Indianapolis, IN (Citizens Energy)

• Hartford, CT

• Providence, RI (Narragansett Bay 
Commission)

• Portland, OR

• Seattle, WA (Seattle Public 
Utilities)

• Louisville, KY

• Pittsburgh, PA

• St. Louis, MO

• Atlanta, GA

• State of Indiana (various, Ft. Wayne, 
Mishawaka, etc.)

• Akron, OH

• Omaha, NE
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Large Diameter (>8.5m) Soft Ground TBMs
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• Major Improvements in Soft Ground Tunneling:
– Excavation, Lining, and Backfill of Lining all in one 

continuous operation
– The TBM is an underground Factory
– No longer can anyone “see” the face 

• There are two main technologies:
– Earth Pressure Balance = EPB
– Slurry Pressure Balance = SPB

71

26
3

EPB

slurry

others

Pressurized Face Tunnel Boring Machines (TBM)

Soft Ground Tunneling
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How the Technologies Prevent Settlement

• A shield machine is designed to bore a tunnel safely and economically while 
supporting the load imposed by the surrounding ground and ensuring cutting 
face stability.

36

Ground Losses
Face – Pressurized Face
Overcut –Tail void grouting 
Shield (pitch and yaw) – Experienced Contractor
Tail (incomplete lining expansion or grouting) – Experienced Contractor
Lining deflection – Robust design
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Example of Vertical Settlement from Tunneling37
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Instrumentation and Monitoring – Real Time

• Multipoint 
Extensometers

o Measures ground 
loss at depth

• Inclinometer

o Measure the slope 
of a borehole

o Detects deep 
movement 
associated with 
tunnel excavation

• Surface Monitoring 
Points 

• Structure Monitoring 
Point

Inclinometer Multiple Position 
Borehole Extensometer
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Extents of MGP Waste
• Limited data available (near RH3) suggests that some MGP material will be 

encountered but the extent of MGP waste along remainder of the alignment is not 
well know due to limited data

• A significant geotech and environmental boring program will be conducted as part of 
the future planning and design contract to better qualify and quantify subsurface 
conditions and establish the environmental and geotechnical “baseline” conditions.
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TBM Mitigations for MGP Waste Area
• Mitigation Measures:

o TBM Electrical . Designed C1D2 per the national Electric Code (NEC) for 
potentially gas environment

o Detection. Photoionization detectors (PID) instruments are able to detect 
the whole range of VOC (Volatile Organic Compounds), including benzene

o Water System. Contaminated water separated and collected in a sealed 
tank

o Ventilation. Exhaust Mode and Increased Flow Dilution Ventilation

o Muck Transfer. Canopy protection on back-up conveyor and use of special 
foam to cover spillage during the transportation of the muck along the 
tunnel.

o PPE Storage. Determined based on contaminant levels.

40

Courtesy of Violo, 2017 Copenhagen Cityringen Project



41

Structural Considerations for MGP 
Waste Area

• Impact on Tunnel Segmental Lining

o Coal tar distillates such as benzene, toluene, xylene will not attack concrete 
and cause disintegration. However, high quality and impervious concrete is 
recommended to prevent loss from penetration. 

o EPDM rubber gaskets can be susceptible to hydrocarbons contamination 
depending on its concentration, however :

 gasket is embedded within the gasket grooves located in the closed joints 
between the tunnel segments and behind a 10 to 20 cm thick layer of 
grouting. In this specific installation situation the gaskets normally do not 
get in any direct contact with the contaminated ground.

41

 in case of a permanent flow of contaminated ground water 
though the segment joints SBR, NR and IIR rubber can be 
considered as an alternative or some manufacturer are 
developing multi-performance gaskets which consist of an 
interior EPDM Gasket with an NBR coating
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Construction Sequence

• Gowanus Site is extremely constrained; Parcel 1 to mitigate

• Shaft construction cannot be co-located with superstructure construction

o Proposed shafts are large and staging footprint needs to be contained 
within Parcels I, VI, and VII

o Need to work within the constraints of the Gowanus neighborhood

• Superstructure construction can overlap with mining operation 

DC Water:  Blue Plains Screening and Pump shafts
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Construction Sequence

• Mining can begin from RH-034 before shaft is complete at OH-007 in April 
2027

• Balance of shaft lining can begin in June 2027 (trailing gear leaves shaft)

• Concrete formwork for pump station shaft begins in September 2027

• Structural steel / framework for superstructure begins in March 2028

• Mining to OH-007 and construction of OH-007 shaft done in parallel with 
preparation and construction of the TDPS



Risk Identification and Mitigation

Agenda
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Local and National Softground examples
• NYC can benefit from decades of 

National (and International) soft-ground 
tunnel programs, including lessons 
learned and significant advances in soft-
ground tunneling technology.

• Schedule assumptions, lessons learned, 
and risks have been validated primarily 
from recent experience with planning, 
design, procurement and construction of 
18 miles of CSO storage and 
conveyance tunnels for the DC Clean 
Rivers project, which includes similar 
soft-ground shaft and tunnel 
construction methods, and tunneling in 
urban areas and beneath the Potomac 
River.

• Recent local soft-ground projects 
include the Eastside Access Queens 
tunnels and the NY Harbor Water 
Siphon Replacement Tunnel.
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Tunnel Program Advancement

• Risk identification and mitigation has been a key part of the evaluation of the 
Gowanus tunnel concept

Item Risk

Probability 
that the risk 

WILL happen 
(%)

Min 
(days)

Likely 
(days)

Max 
(days)

Regulatory
Tunnel alternative negotiation with EPA continues through design ultimately leading to 
procurement delays 10 60 90 180

Procurement 
A/E contractor procurement takes longer than anticipated resulting in delays to facility planning 
NTP 20 20 40 60

Construction - Shaft
Minor shaft support structural issues resulting in re-work or partial failure (slurry wall tremie seal 
break, out-of-tolerance panel, ring beam installation) 5 0 30 60

Construction - Shaft/Tunnel Major structural failure of shaft. 1 60 120 180

Construction  - Tunnel
Unanticipated geologic condition impacts TBM tunneling (more rock, more/larger boulders and 
cobbles) 25 0 20 40

Construction  - Tunnel TBM is unable to advance and requires emergency rescue shaft (in canal or in 2nd Ave). 1 60 120 180
Construction  - Tunnel Tunnel excavation results in damage to existing structures 5 0 5 10
Construction - Protection of 
Structures

Additional protective mitigations necessary after preconstruction survey of structures. Not 
anticipated in design. On CP. 15 15 20 40

Construction  - Tunnel TBM major mechanical breakdown (no emergency shaft required) 5 0 20 40
Third Party Third Party Approval Delay (private property, NG Barrier Wall, NYCDOT, DSNY) 10 20 40 80
Procurement (Construction) Negotiation Failure 20 60 80 120
Permits (Design) Permit Acquisition Delay (Borings) 10 5 20 60
Permits (Construction) Permit Acquisition Delay (SOE, ground improvement borings, SWPPP) 10 5 20 60

Easements
Alignment Change identified during facility planning phase that requires subsurface easements or 
land acquisition. 1 20 60 80

Construction - Shaft Break-in/out seal and ground improvement failure leads to sink hole and significant inflow into shaft 5 5 10 20
Construction - Protection of 
Structures NSS or Shaft Excavation results in damage to existing structures 5 5 10 20
Construction - Near Surface 
Structures Failure of NSS structure excavation 1 10 15 30
Construction - Environmental Hazardous Waste is encountered slowing down work production (tunneling and/or NSS work) 20 20 40 60
Construction  - Tunnel Major structural failure of tunnel support. 1 20 80 120
Construction  - Tunnel Flood in tunnel from surface issues at RH site. 1 20 80 120
Construction - NG Delays NG site remediation effort takes longer than anticipated causing delays in shaft excavation NTP 10 20 60 80

Construction - Shaft
Because Gowanus area is historically significant, artifacts may be discovered during shaft 
excavation causing delays and change orders for archeological investigation. 20 5 15 25

Construction - Shaft Soil truck traffic decreases excavation productivity 35 10 20 30
Equipment Procurement Delays 25 30 60 90

Construction - Shaft Disposal facility refuses acceptance of soil 15 10 20 30
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Examples of Mitigations for Higher Probability Risks 

Risk Mitigation Project Case 
History

Unanticipated geologic conditions impact 
tunneling

• Perform a robust geotechnical/ 
environmental investigation

• Ensure Contractor has a deep breadth of 
experience – pre-qualify

• Ensure Owner’s rep has a deep breadth of 
experience

• DC Water- ART 
ISCT

• OCIT
• Brightwater

Hazardous waste is encountered slowing down 
production

• Perform robust environmental investigation
• Have inefficiencies built into schedule
• Ensure the TBM equipment is designed to 

handle worse case conditions.

• Copenhagen 
Cityringen

• DC Water 
Potomac Tunnel

Soil truck traffic decreases excavation 
productivity – “muck bound”

• Ensure construction staging area is 
sufficient to allow for several days of 
storage.

• Have multiple disposal sites approved.

• DC Water- ART 
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Ongoing Risk Evaluation

• Risk identification and mitigation has been a key part of the evaluation of the 
Gowanus tunnel concept

• Risks were further characterized as critical or non-critical

• Critical risks are being evaluated to understand impact if they were to occur.  
It may be possible to plan or design mitigation steps

• Process will also identify opportunities to optimize the process, resulting in 
less risk, faster schedule, or lower cost



Advancement of Gowanus Tunnel 
Program

Agenda
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Tunnel Program Advancement

• DEP is advancing procurement of Detailed Planning and Design Contract now 
– Anticipated NTP January 2020

• ULURP for OH007 (for site selection) advancing under existing Tank Design 
Contract

• Schedule for Tunnel will continue to be evaluated under existing Tank 
Contract:

o Staging / phasing of Construction – evaluation of advancement of early 
activities

o Risk analysis to identify, evaluate and mitigate risk proactively
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